Although traps are the most effective fishing equipment used to capture crabs they can also result in indirect damage to target species. We examined the effect of trap-soak time, crab density, and the legal to sublegal size ratio on injury rates to male Dungeness crabs, Cancer magister. Our field results show that injuries increase significantly with increased trap-soak time, and as a consequence of different size ratios (crabs in traps with a greater ratio of sublegal crabs had more injuries). The injury rate was independent of density. In a laboratory experiment, injured crabs were as capable as intact crabs of obtaining, defending, and consuming food. However, studies on other crab species indicate that injury reduces growth, delays reproduction, decreases mating success, and increases mortality. If the costs of injury are similar for Dungeness crabs, this could diminish the rate of recruitment into the fishery.
Introduction
Commercially exploited crustaceans are often captured in traps, a stationary type of gear that collects animals over time and holds them in a common space. The amount of time a trap is present in the water (the soak time) affects catch rate (Miller, 1979; Smith and Jamieson, 1989a) . However, the effect of trap-soak time on the behaviour of targeted species remains largely unknown. As individuals continue to enter the trap, space and food could become increasingly limited and aggression may increase. Agonistic behaviour in decapod crustaceans can be an important factor influencing injury rates to conspecifics (Dingle, 1983; Hyatt, 1983) . In addition to trap-soak time, other variables may affect the level of agonistic behaviour of trapped crustaceans, including sex and size distribution, density of conspecifics, and the availability of food (Miller, 1990) .
Although some variability exists across species, aggressive interactions are generally won by larger individuals or by those possessing larger chelipeds than their opponent (Dingle, 1983) . If this is the case, sublegal adult crustaceans unable to escape from traps may experience greater rates of agonistic encounter than larger, legal-sized individuals. The consequences of injury on the overall fitness of an individual are especially important when considering sublegal-sized animals, which will be released upon retrieval of the trap. Several studies have demonstrated that injury in decapod crustaceans can have broad-reaching consequences, including reduced growth rate (Davis, 1981) , decreased reproductive success (Abello et al., 1994) , increased risk of predation and cannibalism (Berzins and Caldwell, 1983) , and decreased foraging ability (Juanes and Hartwick, 1990; Smith and Hines, 1991; Juanes and Smith, 1995) . Although agonistic behaviour in decapod crustaceans has been widely researched (Dingle, 1983; Hyatt, 1983) , little work has focused on the effects of aggression on and injury of crabs caught in traps. Moreover, appendage injuries have been documented in trapped crabs (Shirley and Shirley, 1988; Kimker, 1994) , but the sources of these injuries have only been hypothesized.
The Dungeness crab (Cancer magister) supports trap fisheries throughout its range from California to Alaska (Kondzela and Shirley, 1993) . The widespread distribution and the economic importance of this fishery led us to select the Dungeness crab as a model species for investigating the effects of trap-soak time on injury rate. Few studies have focused on the behaviour of Dungeness crabs within traps and the effect of trap-soak time on agonistic interaction, and very little research has investigated the consequences of injury on the behavioural ecology of Dungeness crabs.
To investigate factors influencing injury to Dungeness crabs and consequences for released injured males, three hypotheses were tested: (i) injury rates are related to trap-soak time and crab density; (ii) injury rates are related to trap-soak time and the ratio of legal to sublegal crabs in the trap; and (iii) injuries sustained in traps result in a decreased ability of sublegal males to compete for food.
Material and methods

Field experiments
To address the hypotheses that injury rates are related to soak time, we conducted two field experiments consisting of (i) soak time and density trials and (ii) soak time and legal: sublegal size ratio trials. All fieldwork was done in Bartlett Cove (58830 0 N 135853 0 W), a small estuarine embayment near the mouth of Glacier Bay, Alaska, USA. We collected the crabs for all our experiments using commercial Dungeness crab pots (0.91 m diameter, escape vents sealed). The carapace condition of the retrieved Dungeness crabs was classified as in Shirley and Shirley (1988) . Male crabs were measured to the nearest millimetre directly anterior to the tenth antero-lateral spine (Shirley and Shirley, 1988) , and the width and length of the left propodus was recorded.
We selected two size classes of male crab (sublegal, 152 -165 mm carapace width [CW] ; legal, 168-184 mm CW) for use in trials. The minimum legal size in the southeast Alaska Dungeness crab fishery is 165 mm CW. Sublegal crabs with a CW of 152 -165 mm are likely to become trapped despite the presence of escape rings (Smith and Jamieson, 1989a) . The legal crab size class was developed around the mean size of legal crabs we caught in Bartlett Cove (mean ¼ 174 mm CW, s.e. ¼ 0.13, n ¼ 2131). Legal crabs and their chelae were significantly larger than the sublegal crabs used in the experiments (Table 1) . Crabs with major injuries, including missing or regenerating appendages, missing eyes, cracks or breaks .5 mm long in the exoskeleton, or with a carapace condition classified as "very old" or "soft" were not used in the experiments. Crabs meeting the physical requirements were tagged with uniquely numbered, double-T Floy tags (Floy Tag and Manufacturing Company, Seattle, WA, USA). Using guidelines established by Smith and Jamieson (1989b) , tags were placed through the posterior epimeral suture line such that the tags would be retained through ecdysis. Tagging crabs prevented their use in more than one experiment and facilitated the identification of individual crabs at the start and end of a trial.
At the start of a trial, crab injuries were assessed immediately prior to the placement of a crab in the experimental trap. We recorded injury location as specifically as possible, including the name of the appendage or area and the segment of the appendage. For all experiments, chelae were (i) bound closed with lobster bands, to remove the primary apparatus used by crabs in aggressive behaviour, or (ii) unbound. Bait (Pacific herring) was hung in the trap to mimic realistic trap conditions. We sealed all escape vents and entrances to prevent crab movement in and out of traps. Additionally, thick mesh netting was placed in the bottom of the traps to prevent crab legs from falling through the trap bottom while it was lowered to the benthos. Once the crabs were added, the traps were closed and lowered to the bottom, and left undisturbed for the designated soak time.
We classified new injuries into three categories: missing appendages, large injuries (.5 mm diameter), and small injuries (,5 mm diameter) (Figure 1 ). Large injuries usually involved damage to the shell so severe that internal tissues were visible. Smaller injuries generally consisted of circular puncture wounds or narrow cracks in the shell. Careful observations ensured that mating marks created by the action of a male carrying a female in a pre-mating embrace were not counted as injuries (Jamieson, 1996) .
A procedural control experiment was conducted prior to soak-time experiments to test the assumption that dropping and lifting pots stocked with crabs would not affect the injury rate. Results demonstrated that injuries were not an artifact of trap setting, so the planned experiments were conducted (Barber, 2004) .
Two main field experiments were carried out: (i) soak time and density and (ii) soak time and size ratio. We used 5-and 20-d soak times for both density and size-ratio experiments (Table 2) . These soak times were selected to mimic the mean soak time of a commercial crabber in southeast Alaska (3 -5 d soaks) and the mean soak time of a recreational crabber (10-30 d) (JSB, pers. obs.). The traps were set in a random order of treatments throughout the season from July through October 2002. To test the hypothesis that injuries increase with soak time and density, we experimented with high and low crab densities (20 or 5 crabs; Table 2 ). A 20-crab density is representative of the average catch of crabs in a trap that had been fishing for more than 2 d. The 5-crab density was chosen to represent a smaller catch of crabs (JSB, pers. obs.). Density trials used only sublegal crabs in order to standardize crab size in these experiments. The size-ratio trials held density constant at 12 crabs per trap, but modified the ratio of legal vs. sublegal crabs within the trap (Table 2) . Three size ratios (legal: sublegal) were studied: 12:0, 8:4, and 4:8. Each size-ratio treatment was soaked for either 5 or 20 d. 
Injury in trapped Dungeness crabs
Statistical analyses for field experiments
For all analyses, we considered each individual trap as a replicate, using the mean number of new injuries per crab per trap as the dependent variable. All traps were assumed to be independent, because they were separated from one another by at least 10 m in the field. We used SPSS 11.0 Statistical Software for all analyses. First, we tested if soak time, crab density, and bound vs. unbound chelae influenced injury rates using a three-factor ANOVA with fixed factors. Using the same statistical test, we also investigated the effect of soak time, size ratios, and bound vs. unbound chelae on injury rates. Data were log 10 (x þ 0.1) transformed when necessary, and post hoc comparisons were conducted with a Tukey HSD for all significant main effects and interaction terms. Additionally, for each experiment we conducted four three-factor ANOVAs on the following response variables: all injuries combined, autotomized appendages, large injuries, and small injuries.
Prior to conducting the three-factor ANOVA on the soak-time and size-ratio experiments, we determined whether variation existed between the number of injuries received by legal vs. sublegal crabs in the experiments. Injuries could not be analysed on an individual basis because crabs within traps were not independent. Therefore, a single number was required for each trap replicate that represented the difference between sublegal crab injuries and legal crab injuries. This injury index was determined by subtracting the average number of legal crab injuries per pot (for all injuries combined) from the average number of sublegal crab injuries per pot (i.e. sublegal 2 legal ¼ index). If the difference between the average number of injuries was close to zero, there would be no distinction between the number of injuries that legal crabs received vs. the number received by sublegal crabs. Given that no significant difference (between legal and sublegal crab injuries) was found using this index, we combined the original injury data from both legal and sublegal crabs for the three-factor ANOVA on the soak-time and size-ratio experiments (Barber, 2004) .
Laboratory experiments
To determine the effect of injuries on a crab's ability to compete for resources, we conducted two laboratory-feeding trials. We obtained 62 sublegal and 24 legal crabs in late July from a commercial crabber. Sublegal and legal crabs meeting the same physical requirements as field-experiment crabs were tagged with a unique number. We recorded CW and cheliped dimension in addition to existing injuries as specified above in the guidelines for field experiments. Animals were maintained in tanks at the NOAA Auke Bay Laboratory in Juneau, Alaska, USA. All tanks were supplied with ambient running seawater and each crab had a separate compartment to exclude interactions with conspecifics. All experiments were conducted under fluorescent laboratory lighting during the day. For all trials, a running seawater tank was fitted with a large, sand-filled, plastic tub placed in the centre. Plastic walls were placed tightly around the tub to create a 35 Â 80 cm trial area.
The first set of experiments examined the ability of injured crabs to compete for resources relative to the performance of intact crabs. As cheliped loss is the most common injury in C. magister (Shirley and Shirley, 1988) , the competitive ability of crabs with two types of injuries was studied: loss of one cheliped or loss of both chelae. Three trial types were conducted with two crabs per trial: (i) intact vs. intact, (ii) one cheliped vs. intact, and (iii) no chelae vs. intact. All crabs used in these trials were in the sublegal size class (mean CW ¼ 160 mm, s.e. ¼ 0.31). No crabs were re-used in the experiment.
We conducted an additional experiment on the effect of size on competitive ability, in which intact legal-sized crabs were placed in competition with intact sublegal-sized crabs. Owing to limitations on laboratory space, all intact sublegal crabs used in this size experiment had been used previously in the intact vs. injured sublegal crab trials. However, the sublegal crabs had not been exposed to the legal-sized crabs prior to the experiments, were selected randomly, and had been subject to a minimum time lapse of seven days between use across experiment types. Additionally, both sublegal and legal crabs were only used once in this particular experiment. Considering the lack of complete independence among crabs across experiments, the results from the legal vs. sublegal crab experiment should be interpreted conservatively.
Two weeks prior to the beginning of the trials, 20 sublegal crabs were selected randomly, and injuries were induced by compressing the cheliped along the natural autotomy plane (Simonson and Hochberg, 1986) . Crabs not selected for injury were handled for the same duration as the injured crabs, but no injuries were induced. All crabs were given, at a minimum, two weeks to recover from the stress of handling or injury.
We selected food as a model resource for these competition trials because of the ease of providing an equal quantity of food in each trial and because food is a resource that crabs are likely to compete for in the field. The crabs were randomly chosen for use in each trial, fed a week before their trial, and starved for six days in order to standardize feeding history. Then they were transferred to the experimental tank, where an opaque partition separated the two crabs for 15 min. After the acclimation period, the partition was removed and a slice of herring (mean wet weight 22 g) was placed an equal distance away from both crabs. The full duration of each trial (80 min) was recorded on digital video and a trained observer was always present. The crab that obtained .50% of the food during the trial was considered the "winner" of the resource. We determined if a crab ate .50% of the food through careful observation. With one exception, it was always obvious which crab possessed and ate most of the food. For the trial where it was difficult to determine which crab ate .50% of the food, we compared the total amount of time each crab possessed the food, observer notes, and video notes to determine the "winner". 
Statistical analyses for laboratory experiments
Chi-squared analyses were conducted on the intact-sublegal crab vs. injured-sublegal crab trials and on the intact-legal vs. intactsublegal trials. For the analyses, our hypothesis was that no difference would exist in the ability of any crab to obtain .50% of the food (i.e. they had a 50/50 chance of obtaining food). A separate x 2 test, also predicting a 50/50 outcome, was used to determine whether crabs that obtained the food first subsequently lost most of the food to their opponents. Because no physical difference existed between crabs in the intact-sublegal vs. intact-sublegal trials, they were not included in these x 2 analyses. Data from these particular trials were included in the analyses described below.
We used a single-factor ANOVA with the time-to-food acquisition as the dependent factor and the injury state of the crab as the fixed factor. This allowed us to test for differences in the time it took a crab of a particular physical status to acquire resources over all trials.
To further explore other factors related to feeding and injury, we analysed the amount of time injured-sublegal crabs, intactsublegal crabs, and intact-legal crabs spent holding and eating the food. Such analysis examined the data for differences in the total time spent with food (holding and eating combined) using a single-factor ANOVA. The intact-sublegal crab data from the legal vs. sublegal trials were excluded from all analyses because of the re-use of those crabs in the size experiments.
Results
Field experiments Soak time and crab density
When all injuries were combined for analysis, the mean number of new injuries per crab per trap was significantly different between unbound-cheliped (mean ¼ 0.93, s.e. ¼ 0.11, n ¼ 19) and boundcheliped treatments (mean ¼ 0.156, s.e. ¼ 0.03, n ¼ 13; Figure 2 ). Injuries were density-independent in traps (5-density mean ¼ 0.56, s.e. ¼ 0.13, n ¼ 17; 20-density mean ¼ 0.67, s.e. ¼ 0.14, n ¼ 15; Table 3; Figure 2 ). There was a significant relationship between the cheliped-binding treatment and soak time (Table 3) .
There were no significant differences between the number of autotomized appendages in any of the single factors or interactions (Table 3) , but there were significantly fewer small injuries in the bound-cheliped treatment (mean ¼ 0.09, s.e. ¼ 0.03, n ¼ 13) than in the unbound treatment (mean ¼ 0.50, s.e. ¼ 0.09, n ¼ 19; Table 3 ; Figure 2 ). The extent of large injuries also differed between traps containing crabs with bound chelae (mean ¼ 0.05, s.e. ¼ 0.03, n ¼ 13) and those containing crabs with unbound chelae (mean ¼ 0.33, s.e. ¼ 0.06, n ¼ 19; Table 3; Figure 2 ). As soak time increased, the number of large injuries also increased (5-d mean ¼ 0.12, s.e. ¼ 0.03, n ¼16; 20-d mean ¼ 0.31, s.e. ¼ 0.08, n ¼ 16; Table 3; Figure 2 ). A significant relationship was detected with large injuries between soak time and bound or unbound chelae (Table 3 ; Figure 2 ).
Soak time and crab size ratio
As expected, injuries were more frequent when crabs in traps had unbound chelae. When all injuries were combined, significantly more injuries were found in the unbound-cheliped treatments (mean ¼ 0.89, s.e. ¼ 0.07, n ¼ 32) than in the bound-cheliped treatments (mean ¼ 0.23, s.e. ¼ 0.04, n ¼ 21) (Table 4; Figure 3 ).
As with the crab-density experiments, soak time affected injury rate. More new injuries were detected in the longer soak time than the shorter soak time (5-d mean ¼ 0.52, s.e. ¼ 0.10, n ¼ 27; 20-d mean ¼ 0.74, s.e. ¼ 0.09, n ¼ 26) (Table 4 ; Figure 3 ). The number of autotomized appendages also increased significantly with greater soak time (5-d mean ¼ 0.01, s.e. ¼ 0.009, n ¼ 27; 20-d mean ¼ 0.05, s.e. ¼ 0.012, n ¼ 26; Table 4 ). However, there was no significant difference in the number of autotomized appendages between traps with unbound and bound chelae (Table 4) .
Traps with more legal-sized crabs had fewer injuries. For all injuries combined, traps with 4 legal and 8 sublegal crabs 
Laboratory experiments
When in apparent competition for food in laboratory tanks, injured crabs performed similarly to intact crabs in their ability to obtain food during all treatments. Sublegal crabs with one cheliped (SOC) were equally capable of obtaining more than half the food when competing against a sublegal crab with both chelae (SBC) (SOC ¼ 70%, SBC ¼ 30%, x 2 ¼ 1.6, n ¼ 10, p ¼ 0.21; Figure 4a ). Sublegal crabs with no chelae (SNC) also had similar ability to obtain most food in competition with intact sublegal crabs (SNC ¼ 60%, SBC ¼ 40%, x 2 ¼ 0.40, n ¼ 10, p ¼ 0.53; Figure 4b ). Legal crabs with both chelae (LBC) also had similar ability to obtain food as intact sublegal crabs (LBC ¼ 57%, SBC ¼ 43%, x 2 ¼ 0.14, n ¼ 7; p ¼ 0.71; Figure 4c ). Injured crabs or intact legal crabs did not initially obtain food more often than intact sublegal crabs (four separate x 2 analyses, p . 0.05). Therefore, crabs that obtained food first did not subsequently lose most of the food to their opponents.
There was no difference in the amount of time required by injured crabs to find and acquire food compared with the time spent by intact crabs (F 3, 32 ¼ 0.546, p ¼ 0.66; Figure 5 ). No significant differences were found between intact sublegals, intact legals, and injured sublegal crabs in terms of total time spent with food, i.e. holding and eating combined (F 3, 61 ¼ 0.14; p ¼ 0.94; Figure 6 ).
Discussion
The field experiments demonstrated that duration of soak time influences the rate of injury in Dungeness crabs. This result was expected, given the agonistic nature of the species (Jacoby, 1983) and the fact that an earlier study had noted a positive relationship between injury and soak time (Shirley and Shirley, 1988) . All data were log 10 (x þ 0.1) transformed. Understanding the reasons why injuries increase with soak time, however, requires closer examination of crab behaviour. Increased competition for resources in the trap is not likely to explain the increase in injuries because (i) mating was not possible because there were only males in the traps, and (ii) there was no positive relationship between injuries and crab density. Competition for food seems a plausible explanation, although bait in the traps was consumed within the first few days of each experiment. Additionally, we only recorded the presence of bycatch in three out of 83 treatments, suggesting that opportunities for competing over other food resources were scarce. Despite this, competition over small fragments of food could account for some of the injuries. Further, it is unlikely that crabs attempted to cannibalize trapped conspecifics. If cannibalism had been taking place, there should have been greater mortality within the unbound-cheliped traps than in the bound-cheliped traps. The number of crabs that died within traps was equal regardless of treatment (50/50 expected, x 2 ¼ 0.6, n ¼ 15; p ¼ 0.439). Consequently, cannibalism, although believed to take place in traps (Shirley and Shirley, 1988) , did not appear to be a factor regulating the outcome of injuries to the experimental crabs. An alternative explanation for the observed increase in injuries with soak time considers how behavioural changes may influence the level of aggression and the number of agonistic interactions within the trap through time.
Qualitative observations from a video camera mounted over a crab pot revealed that crab behaviour seemed to change with an increase in soak time (Barber, 2004) . Although the turbidity of the water prevented us making planned quantifiable observations, we were still able to observe unique behavioural interactions. During a 20-d soak, crabs appeared to be quite active both in the presence of food at the beginning of the soak and towards the end of longer soak periods, while crabs seemed less active immediately after consuming the bait. These observations suggest that new injuries could be attributable to agonistic Figure 5 . An analysis of the mean time (+s.e.) taken for a crab to obtain food. Only crabs that were recorded as obtaining the food first were used in this exercise. Abbreviations on x-axis as in Figure 4 . interactions over bait at the beginning of a soak, and that the increase in injuries in the longer soak-time experiments may be a reflection of the observed secondary escalation in movement and interactions towards the end of a longer soak.
Our results also demonstrate that injuries to trapped crabs are density-independent. It is plausible that increases in crab density could cause a shift in behaviour that minimizes injury to the population. Dunham (1972) showed that Homarus americanus exhibit decreased agonism when held in tanks at high density. Further, T. C. Shirley, S. J. Taggart, and J. Mondragon (unpublished data) recorded an inverse relationship between limb loss and catch rate in a long-term field study of Dungeness crab. This suggests that when crab density is high, the rate of agonistic interaction is low, or alternatively that most limb loss is related to activities other than agonistic interaction. In our qualitative observations with underwater video, there appeared to be fewer interactions and less movement in traps with higher crab densities than in traps with lower crab densities (Barber, 2004) .
Larger decapod crustaceans tend to be aggressively dominant over smaller conspecifics (Dingle, 1983; Hyatt, 1983) . Previous work on Dungeness crab reported that larger animals often won agonistic interactions with smaller ones (Jacoby, 1980) , so we predicted that smaller crabs would sustain greater rates of injury in our experiments. However, size class did not affect injury rates in the field, and our laboratory results suggest that sublegal-and legal-size crabs had similar ability to compete for food.
On the other hand, more aggressive behaviour by smaller crabs could be creating some of the differences we observed. Traps stocked with a ratio of 8 sublegal to 4 legal crabs had significantly more injuries than traps with 12 legal-sized crabs. Smaller crabs (mostly juveniles) have been observed in more intense, highly physical, agonistic interactions when competing with a crab of similar size (Jacoby, 1980) . Larger crabs, however, performed ritualized, less forceful interactions in trials with crabs of equal size (Jacoby, 1980) . Previous field research has shown that sublegal males receive significantly more injuries than legal-sized males (T. C. Shirley, S. J. Taggart, and J. Mondragon, unpublished data), perhaps reflecting similar trends in behaviour in which sublegal crabs may be inflicting injuries upon other sublegal crabs during agonistic interaction. Therefore, ontogenetic changes in behaviour could explain why traps with more small crabs sustained greater rates of injury. This finding could have important management implications, because traps containing many crabs of sublegal size may also have some of the highest rates of injury.
The significant interactions found in the soak time and density trials are more difficult to interpret. Our result implies that soak time and cheliped treatments cannot be interpreted separately. We believe that the interaction may be attributable to other causal agents of injury, rather than agonistic behaviour by trapped crabs. Our video records showed free crabs approaching an open fishing pot and interacting with trapped crabs through the sides of the pot (Barber, 2004) . Miller (1978) reported similar behaviour of free C. productus aggressively interacting with trapped conspecifics through the mesh wall of the trap. The new injuries we recorded in the bound-cheliped treatments usually consisted of open wounds to the exoskeleton, an injury easily induced by grasping chelae and not normally created by interaction with other predators. This behaviour may explain the recorded increase in injuries in the 20-crab bound-cheliped traps, where crabs were more crowded against the wall of the trap and exposed to interactions with untrapped crabs.
The results of the laboratory food-competition trials were surprising in that injured crabs seem equally capable of competing for food with intact crabs of similar size. The injured crabs appeared to use more intense action patterns during interactions than the intact crabs (see Jacoby, 1980 , for descriptions of action patterns; JSB, pers. obs.), and the first walking legs were used in agonistic interactions as if they were chelae (JSB, pers. obs.). These modified behaviours probably resulted in sustaining an injured crab's competitive ability. Moreover, we found a trend suggestive of injured crabs obtaining food more often than intact animals (Figure 4a and b) . This counterintuitive result requires further investigation with careful consideration of the costs and benefits associated with obtaining food.
Our laboratory results should stimulate future research to consider the costs of injury to Dungeness crabs. For example, given that injured crabs are equally capable of competing for and eating soft food as intact crabs, does this mean that the consequences of injury will be similarly unaffected in terms of growth rate or other life-history parameters? Further, it is apparent that one cannot assume that injured C. magister will behave in the same manner as other species of injured crab (see Juanes and Smith, 1995 , for a review of injured crab behaviour). Future studies should investigate other possible ecological consequences of Dungeness crab behaviour with respect to limb damage.
Implications
A strong market for Dungeness crabs has led to intense commercial fishing effort, resulting in an increase in the handling of sublegal crabs (Breen, 1987; Miller, 1990) . California is currently the only state to regulate the trap-soak time of commercial crabbers (CDFG, 2005) . Therefore, two primary questions arise in response to the potential impact that longer trap soak times may have on these fisheries: (i) will autotomy or limb damage affect the life history and behavioural characteristics of Dungeness crabs, and (ii) are enough sublegal crabs caught in commercial and recreational fisheries to merit concern over injuries?
Although our study only considered the impact of cheliped autotomy on competition for food, autotomy clearly affects other life history, behavioural, and functional parameters. In a long-term field study of Dungeness crabs, many were recorded with autotomized appendages but very few with regenerating limbs, suggesting that survival is poor in crabs with autotomized appendages (T. C. Shirley, S. J. Taggart, and J. Mondragon, unpublished data). The impact of limb autotomy is likely to be much greater in decapod crustaceans with long intermoult periods, such as Dungeness crabs (Kondzela and Shirley, 1993) , because it may take up to three years for a single limb to regenerate fully. Injured C. magister could also exhibit reduced growth, delayed reproduction, decreased mating success, and greater mortality. However, until these hypotheses are tested directly, it would be inappropriate to assume that the effects of autotomy on Dungeness crabs will be similar to the effects on other decapod crustaceans.
The most common new injuries to trapped crabs were large, open wounds to the exoskeleton, or missing appendage tips. Injured crustaceans may be more vulnerable to infection (Stewart, 1993) , and diseased Dungeness crabs have been recorded with new wounds in their exoskeleton (Armstrong et al., 1981) . Therefore, increased injury through greater soak time or from different size ratios may expose trapped Dungeness crabs to a greater risk of infection, because the crabs are unnaturally aggregated and infection could spread easily throughout a trap (Armstrong et al., 1981) . In addition to disease, partial limb loss (i.e. the loss of a limb segment such as the dactyl) can result in the regeneration of a deformed segment (Juanes and Smith, 1995) . Dungeness crabs search for bivalves by prodding their dactyl tips into the substratum to receive tactile stimuli, then recover the bivalve by digging with legs and chelae (Pearson et al., 1981) , so damage or loss of appendage tips could impede a crab's foraging ability.
The sublegal crabs in our experiments ranged in size from 152 mm to 165 mm CW, representing the size of crabs most likely to be retained in traps despite the presence of escape rings (Smith and Jamieson, 1989a; Miller, 1990) . Several studies have reported very different estimates of the ratio of sublegal crabs to legal-sized crabs caught in commercial fishing traps with escape rings (High, 1976; Breen, 1987, Smith and Jamieson, 1989a) . Using Jamieson's (1989a) data, Miller (1990) estimated the ratio of sublegal to legal-sized crabs to be 2.6:1. The size ratios of crabs caught in traps will also vary within a fishing season, where the catch of legal crabs will decrease through time (Smith and Jamieson, 1989b; Rumble and Bishop, 2002) , and the sublegal catch will presumably increase (Smith and Jamieson, 1989b) . If fishers respond to catching a larger proportion of sublegal crabs by lengthening soak times, our results would suggest that an unintended consequence could be greater rates of injury to the crabs. Given that injury to sublegal crabs is common and could result in greater fishing mortality as well as the loss of potential future revenue, effort to reduce the negative impacts of trapping should focus on portions of the season when the sublegal catch is large.
There is also little information on the impact of recreational fishing on sublegal-sized crabs. It is quite common for recreational pots in Glacier Bay to be soaked for 3 -4 weeks at a time, whereas commercial traps (near Glacier Bay) generally have soak times of 3 -5 d (JSB, pers. obs.). Our study illustrates clearly that soak time can influence injury rates to local crab populations, so it is likely that recreational crabbers also increase the rate of injury to sublegal crabs. Although the Washington Department of Fish and Wildlife (WDFW, 2005) recently instituted mandatory catch record-keeping for recreational crabbers, most regulatory agencies do not keep track of the sublegal catch aside from annual surveys, simply requiring that all crabs below minimum legal size be returned to the water upon retrieval of the trap (Rumble and Bishop, 2002) . Therefore, the catch of sublegal-sized crabs throughout the range of the fishery could be high enough to merit concern about trap-related injury and its potential effect on mortality rates.
